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B I TETRAZ OLEAMI NE GAS GENI NT 
COMPOSITIONS AND METHODS i USE 

Field of the Invention 
5 The present invention relates to a novel gas generating 

composition for inflating automobile air bags and similar 
devices. More particularly, the present invention relates to 
the use of a bitetrazoleamine, such as bis- (1 (2)H-tetrazol-5- 
yl) -amine, and derivatives thereof, as a primary fuel in gas 
10 generating pyrotechnic compositions. 

Background of Invention 
Gas generating chemical compositions are useful in a 
number of different contexts. One important use for such 

15 compositions is in the operation of "air bags." Air bags are 

gaining in acceptance to t.V.a point that many, if not most, new 
automobiles are equipped with such devices. Indeed, many new 
automobiles are equipped with multiple air bags to protect the 
driver and passengers. 

20 In the context of automobile air bags, sufficient gas must 

be generated to inflate the device within a fraction of a 
second. Between the time the car is impacted in an accident, 
and the time the driver would otherwise be thrust against the 
steering wheel, the air bag must fully inflate. As a conse- 

25 quence, nearly instantaneous gas generation is required. 

There are a number of additional important design criteria 
that must be satisfied. Automobile manufacturers and others 
set forth the required criteria which must be met in detailed 
specifications. Preparing gas generating compositions that 

30 meet these important design criteria is an extremely difficult 

task. These specifications require that the gas generating 
composition produce gas at a required rate. The specifications 
also place strict limits on the generation of toxic or harmful 
gases or solids. Examples of restricted gases include carbon 
J35 monoxide, carbon dioxide, NOx, SOx, and hydrogen sulfide. 

The automobile manufacturers have also specified that the 
gas be generated at a sufficiently and reasonably low tempera- 
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ture so that the occupants of the car are not burned upon 
impacting an inflated air bag. If the gas produced is overly 
hot, there is a possibility that the occupant of the motor 
vehicle may be burned upon impacting a just deployed air bag. 
5 Accordingly, it is necessary that the combination of the gas 

generant and the construction of the air bag isolates automo- 
bile occupants from excessive heat. All of this is required 
while the gas generant maintains an adequate burn rate. In the 
industry, burn rates in excess of 0.5 inch per second (ips) at 

10 1,000 pounds/square inch (psi) , and preferably in the range of 

from about 1.0 ips to about 1.2 ips at 1,000 psi are generally 
desired. As used herein, 1 pound equals 453.593 grams and 1 
inch equals 0.0254 meters. 

Another related but important design criteria is that the 

15 gas generant composition produces a limited quantity of 

particulate materials. Particulate materials can interfere 
with the operation of the supplemental restraint system, 
present an inhalation hazard, irritate the skin and eyes, or 
constitute a hazardous solid waste that must be dealt with 

20 after the operation of the safety device. The latter is one of 

the undesirable, but tolerated in the absence of an acceptable 
alternative, aspects of the present sodium azide materials. 

In addition to producing limited, if any, quantities of 
particulates, it is desired that at least the bulk of any such 

25 particulates be easily filterable. For instance, it is 

desirable that the composition produce a filterable, solid 
slag. If the solid reaction products form a stable material, 
the solids can be filtered and prevented from escaping into the 
surrounding environment. This also limits interference with 

30 the gas generating apparatus and the spreading of potentially 

harmful dust in the vicinity of the spent air bag which can 
cause lung, mucous membrane and eye irritation to vehicle 
occupants and rescuers. 

Both organic and inorganic materials have also been 

35 proposed as possible gas generants. Such gas generant composi- 

tions include oxidizers and fuels which react at sufficiently 
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high rates to produce large quantities of gas in a fraction of 
a second. 

At present, sodium azide is the most widely used and 
accepted gas generating material. Sodium azide nominally meets 
industry specifications and guidelines. Nevertheless, sodium 
azide presents a number of persistent problems. Sodium azide 
is relatively toxic as a starting material, since its toxicity 
level as measured by oral rat LD 50 is in the range of 45 mg/kg. 
Workers who regularly handle sodium azide have experienced 
various health problems such as severe headaches, shortness of 
breath, convulsions, and other symptoms. 

In addition, sodium azide combustion products can also be 
toxic since molybdenum disulfide and sulfur are presently the 
preferred oxidizers for use with sodium azide. The reaction of 
these materials produces toxic hydrogen sulfide gas, corrosive 
sodium oxide, sodium sulfide, and sodium hydroxide powder. 
Rescue workers and automobile occupants have complained about 
both the hydrogen sulfide gas and the corrosive powder produced 
by the operation of sodium azide-based gas generants. 

Increasing problems are also anticipated in relation to 
disposal of unused gas-inflated supplemental restraint systems, 
e.g. automobile air bags, in demolished cars. The sodium azide 
remaining in such supplemental restraint systems can leach out 
of the demolished car to become a water pollutant or toxic 
waste. Indeed, some have expressed concern that sodium azide, 
when contacted with battery acids following disposal, forms 
explosive heavy metal azides or hydrazoic acid. 

Sodium azide-based gas generants are most commonly used 
for air bag inflation, but with the significant disadvantages 
of such compositions many alternative gas generant compositions 
have been proposed to replace sodium azide. Most of the 
proposed sodium azide replacements, however, fail to deal 
adequately with each of the selection criteria set forth above. 

One group of chemicals that has received attention as a 
possible replacement for sodium azide includes tetrazoles and 
triazoles. These materials are generally coupled with conven- 
tional oxidizers such as KN0 3 and Sr(N0 3 ) 2 . Some of the tetra- 
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zoles and triazoles that have been specifically mentioned 
include 5-aminotetrazole, 3 -amino- 1 , 2 , 4-triazole, 1,2,4- 
triazole, lH-tetrazole, bitetrazole and several others. 
However, because of poor ballistic properties and high gas 
temperatures, none of these materials has yet gained general 
acceptance as a sodium azide replacement. 

It will be appreciated, therefore, that there are a number 
of important criteria for selecting gas generating compositions 
for use in automobile supplemental restraint systems. For 
example, it is important to select starting materials that are 
not toxic. At the same time, the combustion products must not 
be toxic or harmful. In this regard, industry standards limit 
the allowable amounts of various gases produced by the opera- 
tion of supplemental restraint systems. 

It would, therefore, be a significant advancement in the 
art to provide compositions capable of generating large 
quantities of gas that would overcome the problems identified 
in the existing art. It would be a further advancement to 
provide gas generating compositions which are based on substan- 
tially nontoxic starting materials and which produce substan- 
tially nontoxic reaction products. It would be another 
advancement in the art to provide gas generating compositions 
which produce limited particulate debris and limited undesir- 
able gaseous products. It would also be an advancement in the 
art to provide gas generating compositions which form a readily 
filterable solid slag upon reaction. 

Such compositions and methods for their use are disclosed 
and claimed herein. 

Summary and Objects of the Invention 
The novel solid compositions of the present invention 
include a non-azide fuel and an appropriate oxidizer. Specifi- 
cally, the present invention is based upon the discovery that 
improved gas generant compositions are obtained using a 
bitetrazoleamine, or a salt or a complex thereof as a non-azide 
fuel. The presently preferred bitetrazoleamine is bis-(l(2)H- 
tetrazol-5-yl) -amine (hereinafter sometimes referred to as 
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"BTA") , which has beer, found to be particularly suitable for 
use in the gas generating composition of the present invention. 
In particular, the compositions of the present invention are 
useful in supplemental restraint systems, such as automobile 
air bags. 

The present compositions are capable of generating large 
quantities of gas while overcoming various problems associated 
with conventional gas generating compositions. The composi- 
tions of the present invention produce substantially nontoxic 
reaction products. 

The present compositions are particularly useful for 
generating large quantities of a nontoxic gas, such as nitrogen 
gas. Significantly, the present compositions avoid the use of 
azides, produce no sodium hydroxide by-products, generate no 
sulfur compounds such as hydrogen sulfide and sulfur oxides, 
and still produce a nitrogen containing gas. The compositions 
of the present invention also produce only limited particulate 
debris, provide good slag formation and avoid, if not substan- 
tially avoid, the formation of nonf ilterable particulate 
debris. At the same time, the compositions of the present 
invention achieve a relatively high burn rate, while producing 
a reasonably low temperature gas. Thus, the gas produced by 
the present invention is readily adaptable for use in deploying 
supplemental restraint systems, such as automobile air bags. 

Brief Description of the Drawings 
Figure 1 is a graph illustrating the change in pressure 
over time within a combustion chamber during the reaction of 
compositions within the scope of the invention and a conven- 
tional sodium azide composition. 

Figure 2 is a graph illustrating the change in pressure 
over time within a 13 liter tank during the reaction of 
compositions within the scope of the invention and a conven- 
tional sodium azide composition. 

Figure 3 is a graph illustrating the change in temperature 
over time for the reaction of compositions within the scope of 
the invention and conventional sodium azide composition. 
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Detailed Description of the Invention 
The present invention relates to the use of a bitetrazole- 
amine or a salt or a complex thereof as the primary fuel in a 
novel gas generating composition. 
5 The bitetrazole-amines of the present invention have the 

following structure: 

10 

wherein X, Rj and R 2 , each independently, represent hydrogen, 
methyl, ethyl, cyano, nitro, amino, tetrazolyl, a metal from 
Group la, lb, Ila, lib, Ilia, IVb, VIb, Vllb or VIII of the 
Periodic Table (Merck Index (9th Edition 1976)) , or a nonroetal- 

15 lie cation of a high nitrogen-content base. 

The fuel of the present invention can also comprise a salt 
or a complex of a bitetrazoleamine, such as BTA, and these 
salts or complexes include those of transition metals such as 
copper, cobalt, iron, titanium, and zinc; alkali metals such as 

20 potassium and sodium; alkaline earth metals such as strontium, 

magnesium, and calcium; boron; aluminum; and nonmetallic 
cations such as ammonium, hydroxy lammonium, hydrazinium, 
guanidinium, aminoguanidinium, diaminoguanidinium, triamino- 
guanidinium, or biguanidinium. 

25 One preferred bitetrazoleamine has the formula: 




wherein Rj and R 2 each independently represent hydrogen or a 
lower alkyl, such as methyl, and X represents hydrogen, methyl, 
cyano, nitro, amino and tetrazolyl. Preferably, the bitetra- 
zoleamine is bis- (1 (2)H-tetrazol-5-yl) -amine (BTA) in which R w 
35 R 2 and X are hydrogen. BTA tends to crystallize as the 

monohydrate or alcoholate. These latter forms of a bitetra- 
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zoleamine, such as BTA, also fall within the scope of the 
present invention. 

In the compositions of the present invention, the fuel is 
paired with an appropriate oxidizer. Inorganic oxidizing 
agents are preferred because they produce a lower flame 
temperature and an improved filterable slag. Such oxidizers 
include metal oxides and metal hydroxides. Other oxidizers 
include a metal nitrate, a metal nitrite, a metal chlorate, a 
metal perchlorate, a metal peroxide, ammonium nitrate, ammonium 
perchlorate and the like. The use of metal oxides or hydrox- 
ides as oxidizers is particularly useful and such materials 
include for instance, the oxides and hydroxides of copper, 
cobalt, manganese, tungsten, bismuth, molybdenum, and iron, 
such as CuO, Co 2 0 3 , Fe 2 0 3 , Mo0 3 , Bi 2 Mo0 6/ Bi 2 0 3 , and Cu(OH) 2 . The 
oxide and hydroxide oxidizing agents mentioned above can, if 
desired, be combined with other conventional oxidizers such as 
Sr(N0 3 ) 2 , NH 4 C10 4 , and KN0 3 , for a particular application, such 
as, for instance, to provide increased flame temperature or to 
modify the gas product yields. 

A bitetrazoleamine, such as BTA, alone or in combination 
with a salt, complex or derivative thereof in accordance with 
the formula hereinabove can comprise the fuel in a gas generant 
composition according to the present invention. A bitetrazole- 
amine fuel, such as BTA or a BTA complex or salt or derivative, 
is combined, in a fuel-effective amount, with an appropriate 
oxidizing agent to obtain a present gas generating composition. 
In a typical formulation, the bitetrazoleamine fuel comprises 
from about 10 to about 50 weight percent of the composition and 
the oxidizer comprises from about 50 to about 90 weight percent 
thereof. More particularly, a composition can comprise from 
about 15 to about 35 weight percent fuel and from about 60 to 
about 85 weight percent oxidizer. 

The present compositions can also include additives 
conventionally used in gas generating compositions, propel- 
lants, and explosives such as binders, burn rate modifiers, 
slag formers, release agents, and additives which effectively 
remove N0 X . Typical binders include lactose, boric acid, 
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silicates including magnesium silicate, polypropylene carbon* 
ate, polyethylene glycol, and other conventional polymeric 
binders. Typical burn rate modifiers include Fe 2 0 3 , K 2 Bi2H 12/ 
Bi 2 Mo0 6 , and graphite carbon fibers. A number of slag forming 
agents are known and include, for example, clays, talcs, 
silicon oxides, alkaline earth oxides, hydroxides, oxalates, of 
which magnesium carbonate, and magnesium hydroxide are exempla- 
ry. A number of additives and/or agents are also known to 
reduce or eliminate the oxides of nitrogen from the combustion 
products of a gas generant composition, including alkali metal 
salts and complexes of tetrazoles, aminotetrazoles, triazoles 
and related nitrogen heterocycles of which potassium amino- 
tetrazole, sodium carbonate and potassium carbonate are 
exemplary. The composition can also include materials which 
facilitate the release of the composition from a mold such as 
graphite, molybdenum sulfide, or boron nitride. 

A bitetrazoleamine fuel can be readily synthesized. For 
instance, BTA can be synthesized from relatively inexpensive 
bulk chemicals. BTA can be produced by conventional synthesis 
methods such as those discussed in Norris, et al., Cyanoguanyl 
Azide Chemistry, Journal of Organic Chemistry , 29: 650 (1964), 
the disclosure of which is incorporated herein by reference. 
Alternatively, the methods set forth in Examples 5 and 6, 
below, efficiently produce BTA. 

Substituted bitetrazoleamine derivatives, such as substi- 
tuted BTA derivatives, as are defined in the above general 
structure, can be prepared from suitable starting materials, 
such as substituted tetrazoles, according to techniques 
available to those skilled in the art. For instance, deriva- 
tives containing lower alkyl, such as methyl or ethyl, cyano, 
or tetrazolyl can be prepared by adapting the procedures 
described in Journal of Organic Chemistry , 29 ; 650 (1964). 
Amino-containing derivatives can be prepared by adapting the 
procedures described in Canadian Journal of Chemistry , 47:3677 
(1969) , the disclosure of which is incorporated herein by 
reference. Nitro-containing derivatives can be prepared by 
adapting the procedures described in Journal of the American 
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Chemi c al Society , 73:2327 (1951), the disclosure of which is 
incorporated herein by reference. Other radical-containing 
derivatives such as those containing ammonium, hydroxy lammo- 
nium, hydrazinium, guanidinium, aminoguanidinium, diaminoguani- 
5 dinium, triaminoguanidinium or biguanidinium radicals, can be 

prepared by adapting the procedures detailed in Boyer, Nitro- 
azoles. Organic Nitro Chemistry (1986) , the disclosure of which 
is incorporated by reference. 

The present compositions produce stable pellets. This is 

10 important because gas generants in pellet form are generally 

used for placement in gas generating devices, such as automo- 
bile supplemental restraint systems. Gas generant pellets 
should have sufficient crush strength to maintain their shape 
and configuration during normal use. Pellet failure results in 

15 uncontrollable internal ballistics. The present composition 

formulations containing a fuel effective amount of BTA hydrate 
have crush strengths in excess of 100 pounds load at failure. 
This surpasses the crush strength normally observed with sodium 
azide formulations. 

20 One of the important advantages of BTA in the gas generat- 

ing compositions , a preferred embodiment of the present 
invention, is that it is stable and combusts to produce 
sufficient volumes of non-toxic gas products. BTA has also 
been found to be a safe material when subjected to conventional 

25 impact, friction, electrostatic discharge, and thermal tests. 

In this manner BTA meets the standards for safety in use as a 
gas generant in automobile air bags. 

These BTA-containing compositions also are prone to form 
slag, rather than particulate debris. This is a further 

30 significant advantage in the context of gas generants for 

automobile air bags. 

Theoretical gas yields and flame temperatures have been 
determined for a series of compositions within the scope of the 
invention. These compositions were comprised of BTA and one or 

35 more inorganic oxidizers, such as a metal oxide or hydroxide. 

In some cases, the oxidizer also included additional oxidizers 
and burn rate modifiers. The theoretical flame temperature and 
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gas yield are compared to flame temperature and gas yield for 
a conventional sodium azide gas generant. Table 1 below sets 
forth the data obtained for each composition. 

5 TABLE 1 



Composition (wt%) 


Flame 
Temp. 
(K°) 


Gas Yield 
Relative to 
Baseline* 


Baseline (state-of-the-art) NaN 3 


1452 


1.00 


20.8% BTA/64.8% CuO/4.4% Sr(N0 3 ), 


1517 


1.04 


23.17% BTA/25.8% Cu (OH) 2 /51 . 1% CuO 


1358 


1.15 


24.7% BTA/31.5% Cu (OH) 2 /43 . 8% Co 3 0 4 


1031 


1.19 


22.8% BTA/59.3% CuO/17.9% Co 3 0 4 


1508 


1.04 


22.9% BTA/63.4% CuO/13.7% Fe 2 0 3 


1479 


1.03 


22.6% BTA/62.4% CuO/15.0% FeO(OH) 


1358 


1.07 


22.8% BTA/77.2% CuO 


1517 


1.04 



*Gas yield is normalized relative to a unit volume of azide- 
based gas generant. Baseline NaN 3 composition is 68% NaN 3 /2% 
S/30% MoS 2 . 

20 

As will be appreciated from Table 1, the present BTA gas 
generant compositions produce a volume of gas comparable to 
that produced by sodium azide. At the same time, the flame 
temperature is low enough so that the present compositions are 

25 suitable for use in environments such as automobile air bags 

provided that significant quantities of toxic reaction products 
are not produced. The primary gaseous reaction product is 
nitrogen, with lesser quantities of water and carbon dioxide. 
An additional advantage of a BTA-fueled gas generant 

30 composition is that the burn rate performance is good. As 

mentioned above, burn rates above 0.5 inch per second (ips) are 
preferred. Ideally, burn rates are in the range of from about 
1.0 ips to about 1.2 ips at 1,000 psi. 
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BTA-containing compositions of the present invention 
compare favorably with sodium azide compositions in terms of 
burn rate as illustrated in Table 2. 



TABLE 2 



Composition 


Burn Rate at 
1,000 psi 


22.8% BTA/77.2% CuO 


1.08 ips 


21.4% BTA/77.5% CuO/1.1% K 2 B, 2 H 12 


1.38 ips 


22.8% BTA/77.2% CuO +2.9% H 2 0 


0.706 ips 


47.6% BTA (Dipotassium salt)/52.4% Sr(N0 3 ) 3 


0.554 ips 


Baseline NaN 3 


1.0 to 1.4 ips 



From the foregoing it will be appreciated that BTA repre- 
sents an improvement over the state of the art of gas generat- 
ing compositions. Production of harmful particulate materials 
is avoided using a bitetrazoleamine, such as BTA, as a fuel, 
while providing performance comparable to sodium azide composi- 
tions with respect to gas yield, flame temperature, and burn 
rate. 

An inflatable restraining device, such as an automobile 
air bag system comprises a collapsed, inflatable air bag, a 
means for generating gas connected to that air bag for inflat- 
ing the air bag wherein the gas generating means contains a 
nontoxic gas generating composition which comprises a fuel and 
an oxidizer therefor wherein the fuel comprises a bitetrazole- 
amine or a salt or complex thereof, having the formula 




wherein X, R, and R 2 , each independently, represent hydrogen, 
methyl, ethyl, cyano, nitro, amino, tetrazolyl, a metal from 
Group la, lb, Ha, lib, Ilia, IVb, VIb, Vllb or VIII of the 
Periodic Table (Merck Index (9th Edition 1976)), or an ammoni- 
um, hydroxyl ammonium, hydrazinium, guanidinium, aminoguani- 
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dinium, diaminoguanidinium, triaminoguanidinium, or biguanidi- 
nium cation. Suitable means for generating gas include gas 
generating devices which are used is supplemental safety 
restraint systems used in the automotive industry. The 
5 supplemental safety restraint system may, if desired, include 

conventional screen packs to remove particulates, if any, 
formed while the gas generant is combusted. 

The present invention is further described in the follow- 
ing nonlimiting examples, 

10 

Examples 

Example 1 

A gas generating composition containing bis- (1(2) H- 
tetrazol-5-yl) -amine and copper oxide was prepared as follows, 

15 Cupric oxide powder (92.58 g, 77.16%) and bis-(l(2)H-tetrazol-^ 

5-yl) -amine (27.41 g, 22.84%) were slurried in 70 ml of water 
to form a thin paste. The resulting paste was then dried in 
vacuo (1 mm Hg) at 130°F to 170°F for 24 hours and pressed into 
pellets. The pellets were tested for burning rate, density, 

20 and mechanical crush strength. Burning rate was found to be 

1.08 ips at 1,000 psi and the crush strength was found to be 85 
pounds load at failure. The density of the composition was 
determined to be 3.13 g/cc. 

25 Example 2 

A gas generating composition containing bis-(l(2)H- 
tetrazol-5-yl) -mine, copper oxide, and water was prepared as 
follows. Cupric oxide powder (77.15 g, 77.15%) and bis-(l(2)H- 
tetrazol-5-yl)-mine (22.85 g, 22.85%) were slurried in 55 ml 

30 water to form a thin paste. The paste was dried in vacuo (1 mm 

Hg) at 150 °F to 170 °F until the moisture decreased to 25% of 
the total generant weight. The moist generant was forced 
through a 24 mesh screen and the resulting granules were dried 
at 150°F to 170°F for 24 hours. The dried material was exposed 

35 to 100% relative humidity ("RH") at 170°F for 24 hours during 

which time 2.9% by weight of water was absorbed. The resulting 
composition was pressed into pellets, and the burning rate, 
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mechanical crush strength, and density were determined. The 
burning rate was found to be 0.706 ips at 1,000 psi, the 
mechanical crush strength was found to be 137 pounds load at 
failure and the density was 3.107 g/cc. 

Example 3 

A BTA-containing composition having a CuO oxidizer 
prepared according the process of Example 1 was tested by 
combusting a multiple pellet charge in a ballistic test device. 
The test device comprised a combustion chamber eguipped with a 
conventional 0.25 gram BKN0 3 igniter. The combustion chamber 
included a fluid outlet to a 13 liter tank. The test fixture 
was configured such that the environment of an automobile air 
bag was approximated. 

After ignition and burning, a solid combustion residue was 
produced which remained as a solid mass. The residue retained 
the general shape of the original pellets. Both the weight and 
the appearance of the combustion slag pellets were consistent 
with calculated combustion products predicted to be principally 
copper metal and copper (I) oxide. Analysis of the gaseous 
products was further consistent with that predicted by calcula- 
tional models and were primarily nitrogen, carbon dioxide and 
water . 

The ballistic performance of the BTA/CuO (22.8% BTA/77.2% 
CuO) gas generant compares favorably to that of a conventional 
state-of-the-art (baseline) sodium azide gas generant (68% 
NaN 3 /2% S/30% MoS 2 ) . In comparison, the respective amounts of 
the BTA/CuO and the sodium azide compositions were selected to 
generate comparable volumes of gas products. Figures 1 through 
3 graphically present the data obtained from these tests. 
Figure 1 is a plot of the pressure achieved within the combus- 
tion chamber versus time. It can be seen that the present BTA- 
containing composition approximates the maximum pressure 
achieved by the conventional sodium azide composition, and 
reaches that pressure in a shorter period of time. As illus- 
trated in Figure 1 peak pressure is reached in 0.03-0.04 
seconds. 
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Figure 2 is a plot of pressure versus time in the tank 
during the reaction. This measurement is designed to predict 
the pressure curve which would be experienced in the actual air 
bag. Again, the BTA-containing composition closely approxi- 
mates the performance of the conventional sodium azide composi- 
tion. 

Figure 3 is a plot of temperature versus time. Once 
again, the present BTA-containing composition is comparable to 
the conventional sodium azide compositions. 

Example 4 

A composition prepared by the process described in Example 
2 and containing 2.4% moisture was tested to determine its 
performance in inflating a standard 60-liter automotive air 
bag. This performance was compared to that of a conventional 
sodium azide gas generant composition in inflating a standard 
60-liter automotive air bag. The results are set forth in 
Table III below: 



TABLE III 



Composition 


Weight of 
Charge 
(grams) 


Time to Bag 
Inflation 
(msec) 


Bag External 
Temperature 
(°F) 


Baseline NaN 3 


47 


45 


166 


BTA/CuO 


85 


70 


130 



As shown in Table III, the desired acceptable inflation of 
the air bag was achieved with the BTA generant. The BTA- 
containing composition also produced lower temperatures on the 
bag surface than the sodium azide composition. Less fume and 
particulate materials were observed with the BTA-containing 
composition than with the sodium azide composition. With the 
BTA composition the solid residues and particulates were 
principally copper metal. With the sodium azide composition, 
the particulates were principally sodium hydroxide and sodium 
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sulfide, both of which are corrosive and objectionable due to 
smell and skin irritation. 

Example 5 

Bis- (1 (2) H-tetrazol-5-yl) -amine was prepared as follows. 
Sodium dicyanamide (18 g, 0.2 mole) was dissolved in water 
along with 27.3 g (0.42 mole) sodium azide and 38.3 g (0.4 
mole) potassium acetate. The solution was heated to boiling 
and 0.4 mole acetic acid was added to the mixture over a 
2 4 -hour period. The solution was further diluted with water and 
treated with 44 g (0.2 mole) zinc acetate dihydrate resulting 
in the production of a white crystalline precipitate which was 
collected and washed with water. The precipitate was then 
slurried in water and treated with concentrated hydrochloric 
acid of approximately equal volume. After cooling, a white 
crystalline product was collected and dried. The solid was 
determined to be bis- (1 (2)H-tetrazol-5-yl) -amine based on 
carbon 13 NMR spectroscopy and was recovered in a yield of ca. 
70% based on dicyanamide. 

Example 6 

An alternative preparation of bis-(l (2)H-tetrazol-5-yl) - 
amine is set forth herein. Sodium dicyanamide (72 g, 0.8 
mole), sodium azide (114 g, 1.76 moles) and ammonium chloride 
(94 g, 1.76 moles) were dissolved in about 800 ml water and 
refluxed for 20 hours. To this was added a solution of 0.8 
mole zinc acetate dihydrate in water to form a white precipi- 
tate. The precipitate was collected, washed with water, and 
treated with a solution of 200 ml water and 4 00 ml concentrated 
hydrochloric acid for one hour at room temperature. The solids 
were collected, washed again with water, and then digested with 
100 ml water and 600 ml concentrated hydrochloric acid at 90°C. 
The mixture was allowed to cool, producing a mass of white 
crystals which were collected, washed with water, and dried in 
vacuo (1 mm Hg) at 150 °F for several hours. A total of 80 
grams (65% yield) of solid bis-(l(2)H-tetrazol-5-yl)-amine were 
collected as determined by carbon 13 NMR spectroscopy. 

- 15 - 
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Example 7 

This example illustrates a process of preparing BTA-metal 
complexes. A BTA/Cu complex was produced using the following 
starting materials: 
5 FW MMol. cm. 

BTA 153 6.54 1.0 

Cu(N0 3 ) 2 -2.5H 2 0 232.6 6.54 1.52 

The Cu(N0 3 ) 2 # 2. 5H 2 0 was dissolved in 2 0 ml of distilled 
water. The BTA was dissolved in 60 ml distilled water with 
10 warming. The solutions were combined, and a green precipitate 

was immediately observed. The precipitate was dried and recov- 
ered. 

Example 8 

15 This example illustrates a process of preparing BTA-metal 

complexes. A BTA/Zn complex^as produced using the following 
starting materials: ^* 

FW MMol. am. 

BTA 153 6.54 1.0 

20 Zn(N0 3 ) 2 *4H 2 0 261.44 6.54 1.71 

The Zn(N0 3 ) 2 *4H 2 0 was dissolved in 20 ml of distilled 
water. The BTA was dissolved in 60 ml distilled water with 
warming. The solutions were combined, crystals were observed, 
25 and the material was collected and dried. 

Example 9 

For comparative purposes, gas generating compositions were 
prepared utilizing 5-aminotetrazole as fuel instead of BTA. 

30 Commercially obtained 5-aminotetrazol monohydrate was recrys- 

tallized from ethanol, dried in vacuo (1 mm Hg) at 170°F for 48 
hours and mechanically ground to a fine powder. Cupric oxide 
(15.32 g, 76.6%) and 4.68 g (23.4%) of the dried 5-aminotetra- 
zole were slurried in 14 grams of water and then dried in vacuo 

35 (1 mm Hg) at 150°F to 170°F until the moisture content was 

approximately 25% of the total generant weight. The resulting 
paste was forced through a 24 mesh screen to granulate the 

- 16 - 
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mixture, which was further dried to remove the remaining 
moisture. A portion of the resulting dried mixture was then 
exposed to 100% relative humidity at 170°F for 24 hours during 
which time 3.73% by weight of the moisture was absorbed. The 
above preparation was repeated on a second batch of material 
and resulted in 3.81% moisture being retained. 

Pellets of each of the compositions were pressed and 
tested for burning rate and density. Burning rates of 0.799 
ips at 1,000 psi were obtained for the anhydrous composition, 
and burning rates of 0.395 ips at 1,000 psi were obtained for 
the hydrated compositions. Densities of 3.03 g/cc and 2.82 
g/cc were obtained for the anhydrous and hydrated compositions 
respectively. 

The burning rate and density characteristics obtained with 
the BTA-containing compositions of Examples 1 and 2 in accor- 
dance with the present invention show advantages due to the use 
of BTA, particularly with respect to burning rate, of 1.08 ips 
and 0.7 06 ips at 1,000 psi, for the anhydrous and hydrated 
compositions, respectively. In addition, the BTA compositions 
of the present invention exhibit higher densities than the 
aminotetrazole compositions, and a lower capacity for moisture 
retention. 

What is claimed is: 
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CLAIMS: 

1. A solid gas generating composition comprising a fuel 
and an oxidizer therefor, said fuel comprising a bitetrazole- 
amine or a salt or complex thereof, having the formula 



5 




wherein X, R, and R 2 , each independently, represent hydrogen, 
methyl, ethyl, cyano, nitro, amino, tetrazolyl, a metal from 

10 Group la, lb, Ha, lib, Ilia, IVb, VIb, Vllb or VIII of the 

Periodic Table (Merck Index (9th Edition 1976)), or a 
nonmetallic cation of high nitrogen-content base. 

2. The solid gas generating composition according to 
claim 1 wherein R,, R 2 , and X are hydrogen. 

15 3. The solid gas generating composition according to 

claim 1 wherein X, R,, or R 2 , is selected from the group 
consisting of ammonium, hydroxy lammonium, hydrazinium, 
guanidinium, aminoguanidinium, diaminoguanidinium, 
triaminoguanidinium, and biguanidinium. 

20 4. The solid gas generating composition according to 

claim 1 wherein at least one of X, R 1# and R 2 is a metal. 

5. The solid gas generating composition according to 
claim 4 wherein said metal is a transition metal. 

6. The solid gas generating composition according to 
25 claim 4 wherein said metal is selected from the group consist- 
ing of cobalt, copper, iron, potassium, sodium, strontium, 
magnesium, calcium, boron, aluminum, titanium and zinc. 

7. The solid gas generating composition according to 
claim 1 wherein said bitetrazoleamine is bis (1 (2)H-tetrazol-5- 

30 yl) -amine. 

8. The solid gas generating composition according to 
claim 1 wherein said oxidizer is selected from the group 
consisting of a metal oxide and a metal hydroxide. 

9. The solid gas generating composition according to 
35 claim 8 wherein said oxidizer is a transition metal oxide or a 

transition metal hydroxide. 
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10. The solid gas generating composition according to 
claim 8 wherein said oxidizer is an oxide or hydroxide of a 
metal selected from the group consisting of copper, molybdenum, 
bismuth, cobalt and iron. 
5 ii * The solid gas generating composition according to 

claim 1 which also includes another oxidizer selected from the 
group consisting of a metal nitrate, a metal nitrite, a metal 
peroxide, a metal carbonate, a metal chlorate, a metal 
perchlorate, ammonium nitrate, and ammonium perchlorate. 
10 12. The solid gas generating composition according to 

claim 1 wherein the bitetrazoleamine is present in an amount 
ranging from about 10 to about 50 weight percent thereof. 

13. The solid gas generating composition according to 
claim 1 wherein the nonmetallic cation of high nitrogen-content 

15 base is selected from the group consisting of ammonium, 

hydroxyl ammonium, hydrazinium, guanidinium, aminoguanidinium, 
diaminoguanidinium, triaminoguanidinium, and biguanidinium 
cation. 

14. A solid gas generating composition comprising a fuel 
20 selected from the group consisting of bis-(l(2)H-tetrazol-5- 

yl) -amine, a salt thereof, a complex thereof, and a mixture 
thereof, and an oxidizer, said oxidizer being selected from the 
group consisting of a metal oxide and a metal hydroxide. 

15. The solid gas generating composition according to 
25 claim 14 wherein said metal oxide or said metal hydroxide is a 

transition metal oxide or a transition metal hydroxide. 

16. The solid gas generating composition according to 
claim 14 wherein said oxidizer is an oxide or hydroxide of a 
metal selected from the group consisting of copper, molybdenum, 

30 bismuth/ cobalt and iron. 

17. The solid gas generating composition according to 
claim 14 wherein said fuel is present in an amount ranging from 
about 10 to about 40 percent by weight, and said oxidizer is 
present in an amount ranging from about 90 to about 60 percent 

35 by weight. 
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18. The solid gas generating composition according to 
claim 14 wherein said salt or complex of bis-(l (2)H-tetrazol-5- 
yl) -amine is a transition metal salt or complex thereof. 

19. The solid gas generating composition according to 
5 claim 14 wherein said salt or complex of bis- (1 (2)H-tetrazol-5- 

yl) -amine is a salt or complex of a metal selected from the 
group consisting of iron, boron, copper, cobalt, zinc, 
potassium, sodium, strontium, and titanium. 

20. The solid gas generating composition according to 
10 claim 14 which also includes a burn rate modifier. 

21. The solid gas generating composition according to 
claim 17 which also includes a binder. 

22. The solid gas generating composition according to 
claim 17 which also includes a slag forming agent. 

15 23. An automobile air bag system comprising: a collapsed, 

inflatable air bag; and a gas generating device connected to 
said air bag for inflating said air bag, said gas generating 
device containing a gas generating composition comprising a 
fuel and an oxidizer therefor, said fuel comprising a 

20 bitetrazoleamine or a salt or complex thereof, having the 

formula 




25 

wherein X, R, and R 2 , each independently, represent hydrogen, 
methyl, ethyl, cyano, nitro, amino, tetrazolyl, a metal from 
Group la, lb, Ila, lib, Ilia, IVb, VIb, Vllb or VIII of the 
Periodic Table (Merck Index (9th Edition 1976) ) , or a 
30 nonmetallic cation of high nitrogen-content base. 

24. The automobile air bag system according to claim 23 
where R,, R 2 , and X are hydrogen. 

25. The automobile air bag system according to claim 23 
wherein at least one of X, R w and Ra is a metal. 

35 26. The automobile air bag system according to claim 25 

wherein said metal is a transition metal. 

• 20 - 
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27. The automobile air bag system according to claim 25 
wherein said metal is selected from the group consisting of 
iron, copper, cobalt, zinc, potassium, sodium, strontium, and 
titanium. 

5 28. The automobile air bag system according to claim 25 

, wherein X, R,, or R 2 , is selected from the group consisting of 

ammonium, hydroxylammonium, hydrazinium, guanidinium, 
aminoguanidinium, diaminoguanidinium, triaminoguanidinium, and 
biguanidinium . 

10 29. The automobile air bag system according to claim 23 

wherein sM- fuel is bis- (1 (2)H-tetrazol-5-yl) -amine and is 
present in said gas generating composition in an amount ranging 
from about 10 to about 50 percent by weight of said gas 
generating composition. ^ 

15 30. The automobile air bag system according to claim 23 

wherein said oxidizer is selected from the group consisting of 
a metal oxide and a metal hydroxide. 

31. The automobile air bag system according to claim 30 
wherein said metal oxide or said metal hydroxide is a transi- 

20 tion metal oxide or a transition metal hydroxide. 

32. The automobile air bag system according to claim 31 
wherein said oxidizer is an oxide or hydroxide of a metal 
selected from the group consisting of copper, molybdenum, 
bismuth, cobalt and iron. 

25 33. The automobile air bag system according to claim 23 

wherein said gas generating composition also includes a second 
oxidizer selected from the group consisting of a metal nitrate, 
a metal nitrite, a metal peroxide, a metal carbonate, a metal 
chlorate, a metal perchlorate, ammonium nitrate, and ammonium 

30 perchlorate. 

34. The automobile air bag system according to claim 23 
wherein the nonmetallic cation of high nitrogen-content base is 
selected from the group consisting of ammonium, hydroxy 1 
ammonium, hydrazinium, guanidinium, aminoguanidinium, 

'35 diaminoguanidinium, triaminoguanidinium, and biguanidinium 

cation. 
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